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Summary
An analysis was m a d e of a strong u n s t e a d y v o r t e x t h a t consists of a n a n n u l a r region, in which t h e flow is t a n g e n t i a l a n d radial a n d a core region, in which a u n i f o r m axial flow is also present. The effects of end-wall b o u n d a r y layers, if p r e s e n t a n d i m p o r t a n t , were assumed to be eliminated b y use of s u i t a b l y r o t a t i n g end walls. T h e Navier-Stokes e q u a t i o n for t h e t a n g e n t i a l flow was solved n u m e r i c a l l y to carry o u t the analysis.
Step changes in the t a n g e n t i a l velocity at a given radius a n d step changes in t h e radial flow are i n t r o d u c e d for various initial t a n g e n t i a l velocity profiles. The response of t h e t a n g e n t i a l flow is t h e n calculated as a function of radius a n d of time. V t a n g e n t i a l velocity
Vi fully developed t a n g e n t i a l velocity at ri w axial velocity z axial coordinate v k i n e m a t i c yiscosity *) A portion of this work was presented at the International Union of Theoretical and Applied Mechanics Symposium on Concentrated Vortex Motions in Fluids, held at the University of Miebigan, Ann Arbor, .July 6-11, 1964. Not a great deal of work has been done on unsteady vortex flows, and most of that has been done for the case of no radial flow l-a). Since the phenomena mentioned previously involve a concentration of vorticity by an inward radial flow, the analyses for no radial flow would not be expected to aid greatly in understanding those phenomena.
One case of unsteady flow in which radial inflow is considered, where the flow rotates in a sinussoidal manner, is given by Donaldson4). Hamela) has given a general infinite series solution for an unsteady two-dimensional vortex with radial flow but no axial flow. Donaldson4) has applied one form of the solution to the case of a suddenly rotated porous cylinder in which the tangential flow is nearly wheel like. Some similarity solutions for a transient vortex with radial but no axial flow have also been obtained4,~). An investigation of vortex motion in an emptying container in which viscosity is neglected in the equations of motion is given in reference 6.
A simplified model is analyzed in order to give some understanding of the formation and the destruction of viscous vortices with radial and axial flow. The response of the tangential flow in a vortex to sudden changes in the tangential velocity at a particular radius and to changes in the radial velocity is considered. In general, the simplest examples of these changes and combinations of these changes are analyzed numerically in an attempt to give some insight into transient vortex motions. The analytical model and the method of solution are described in the next section.
The analysis is carried out for laminar flow. A rough estimate of the effect of turbulence might be obtained by replacing the laminar radial flow Reynolds number in the analysis by a turbulent flow Reynolds number as given in reference 7.
